Existing initiatives to improve physical, mental, and social condition of senior citizens, which in Europe fall under the name of Active and Healthy Ageing, are including technological paradigms as main driver for innovation uptake. Among these paradigms, Smart Cities and the Internet of Things are of utmost importance. However, these initiatives may benefit from unified visions, efforts, and frameworks when it comes to defining technological solutions that take the most of both paradigms. We have defined an iterative approach, which combines user centred design techniques, technological development approaches, and a multifaceted adaptation process, to define a solution for Active and Healthy Ageing that makes use of the two paradigms. The solution is being defined in the context of two research and innovation projects, City4Age and ACTIVAGE, during which a solution is going to be defined and evaluated in the city of Madrid. Results show how Smart Cities and Internet of Things contribute to the solution, from a user (user needs and use cases) and a service delivery (technologies, architecture, and suppliers) perspective. In conclusion, we find the cocreation framework extremely useful for the Active and Health Ageing domain, and the proposed implementation of it is functioning, although there is room for improvement.
Introduction
Thanks to the advances and achievements in medical science and technologies, life expectancy and quality of life have been increasing worldwide during the last decades, and it is expected to increment further in the near future [1] . However, the latest global economic crisis and the increased proportion of the ageing population are showing that current health and social care systems are not adequate to guarantee physical, mental, and social well-being of their citizens, from childhood to late adulthood, the latter being the most challenging and most demanded. In this sense, cities can play a key role by favouring the opportunities for developments for a healthy, participative, and safe life [2] . In this context, the World Health Organization has defined Active and Healthy Ageing (AHA) as a process that includeschallenges but also opportunities for health maintenance and social involvement of senior citizens, to preserve their quality of life as they age [3] [4] [5] . In Europe, the European Commission (EC) launched the European Innovation Partnership (EIP) on AHA initiative in 2011 [6] , to accelerate the uptake of innovative solutions from health and social care systems. This initiative aims to implement research and innovation involving all relevant actors at different levels, European, national, and regional, with the aim of extending the good health of Europeans in two years of life by 2020 [7] . Within the EIP-AHA initiative, a conceptual definition of Active and Healthy Ageing has been proposed, which includes different characteristics such as physical and cognitive functionality, well-being, and social participation of the citizenship. This conceptual framework has been proposed to allow comparisons of interventions and other initiatives [3] carried out within the different European 2 Wireless Communications and Mobile Computing regions. However, this framework lacks specific definitions and methodologies to assess and compare technological solutions.
Solutions for Active and Healthy
Ageing. Until few years ago, gerontechnology, an interdisciplinary field of research in which technology is applied to older persons, has been mostly focused on solutions for acute care, chronic diseases, and disabilities [8] . However, in the emerging European understanding of AHA, technological solutions have been associated with services that providers (in a regional or local context) have been defining in a more strategic context of prevention (trying to avoid illness and decline), compensation (when it is not possible to prevent or cure and only reduce the impact of the declined capacity), and care (when the deterioration cannot be prevented or compensated and requires care assistance) [5] .
Technologies that are used for AHA, such as pervasive computing [9] , ambient assisted living [10, 11] , robotics [12] , or serious games [13] , have been implemented mainly to provide services in the homes of senior citizens, but rarely they have been implemented in other environments, like transport systems, public spaces, and other environments in the city or rural environment of the user. It is precisely in these places where AHA services are most needed, as more than half of the world's population lives in cities, and this trend is increasing more in the emerging countries and will continue during the following decades [14] . This fact, together with the ageing of the population, means that most of the inhabitants of the cities are getting older and require services that are adequate to their characteristics. Communities, or agefriendly cities, are defined as places where older people are actively involved, valued, and supported by infrastructures and services that respond effectively to their needs [15] .
Smart Cities and IoT Solutions
Related to AHA. The concept of Smart City (SC) begun to emerge a few years ago, and there are many definitions, although they are more focused on technology and infrastructures, than on citizens [14] . In Europe, the European Innovation Partnership for Smart Cities and Communities initiative started in July 2012. It aims to combine Information and Communication Technologies (ICT), energy management, and transport management to face the major environmental, societal, and health challenges [16] . These concepts have only been partially implemented into the reality of cities and do not specifically target senior citizens. To develop Smart Cities, "a larger understanding of urban infrastructure systems is necessary to move from data to information to knowledge and, ultimately, to action for urban sustainability and human well-being" [17] . And therefore, to seek the well-being of the citizen, Smart Cities must also take into account the needs of the older adults with the technology and with the intelligent city services, making the Smart Cities, smart age-friendly cities [18] .
Smart Cities face many technological challenges, where by their systems need to interconnect services, sensors, and other components within the city. These challenges are addressed at a larger scale by the emerging paradigm of Internet of Things (IoT). This paradigm proposes an open connected network of devices, sensors, processor units, data storage units, and other elements to build services for the users on top of them.
IoT provides innovative solutions to promote more efficient approaches in the AHA domain and has gained a great momentum as a key enabling technology for a wide range of applications and help older adults live independent lives [19] . The European Commission aims at demonstrating that IoT is a key enabler for the successful deployment of Smart Living solutions that positively affect Active and Healthy Ageing (AHA) [20] . Some of the IoT main characteristics such as Ubiquitous Connectivity, Pervasive Computing, and Ambient Intelligence are all highly related to AHA environments. Monitoring health status, delivering wellness interventions, and providing alert and information services are examples of how IoT is involved in the promotion of AHA [21] .
In the context of the Alliance for Internet of Things Innovation (AIOTI) [22] , an industry-driven association, promoted by the EC, to accelerate the implantation of IoT technologies in Europe, the Working Group (WG) 5-Smart Living Environment for Ageing Well [23] has analysed the challenges to be faced by IoT solutions in the AHA domain. These challenges have been defined around individual and environmental factors in both indoor and outdoor environments. Individual factors are those that contribute to prevent cognitive and physical decline [24] . Environmental factors are those related to daily living activities, such as housing [25] , transport [26] , mobility [27] , or leisure [28] . The AIOTI WG5 has envisioned the realization of smart IoT ecosystems that minimize the danger of reduced care options or the requirement of a transitioning period that may affect negatively their active living and health.
Even though it has been recognised how the Smart Cities and IoT paradigms could positively contribute to address the most important challenges related to AHA [29] , existing efforts and initiatives are still being deployed in isolated ways [30, 31] . The work described in this paper aims at contributing to this challenge by providing a consolidated and multifaceted iterative cocreation framework to create technological-based solutions for AHA that build on top of the Smart Cities and IoT paradigms.
The definition of such solution has been carried out in the context of two research and innovation projects, in which technological solutions are going to be tested, deployed, and eventually adopted in the city of Madrid, where, recently, an investment of 903,000,000€ dedicated to meet the needs of the older adults has been announced, to transform Madrid into an age-friendly city [32] . [33, 34] is a European research and innovation project, funded by the European Commission, which aims to enable ambient assisted (or age-friendly) cities, through a range of ICT tools and services that supports Active and Healthy Ageing and allows early detectionof risks related to cognitive Wireless Communications and Mobile Computing 3 deterioration or frailty of senior citizens. Smart Cities are able to detect a wide range of data about individuals' behaviours, coming from different sensors as well as open data, letting us to identify population at risk, monitor daily life activities of identified users in a smart environment, and provide personalized interventions. These interventions are critical in order to foster positive behaviours (such as walking, doing some physical exercise, or going to meet a friend) or take action in case of negative change of behaviour, especially those that may lead to a deterioration of cognitive and/or physical conditions, helping in the early detection of related diseases.
Materials and Methods

The City4Age and ACTIVAGE Projects. City4Age
The project is being implemented in six testbeds locations: Athens (Greece), Birmingham (United Kingdom), Madrid (Spain), Montpellier (France), Lecce (Italy), and Singapore (Singapore), where solutions are deployed in different use case scenarios covering indoors (at home or within a senior centre) and outdoors (along the city).
Concretely, this paper is focused in the Madrid pilot site as case study for the first phase of the methodology described, having as output a solution in a Smart City context. In the Spanish testbed, the focus is to identify behaviours through the mobility of the user within the city of Madrid, by acquiring data coming from different sources including multiple hardware and sensors (i.e., smartphone, smart wristband, Bluetooth beacons, etc.) and Smart City information (i.e., from public bus transportation, weather conditions).
The solution is currently being tested with 20 participants (7 male, 13 female), who are independent, aged over 80 years, regular and autonomous users of public transportation buses within Madrid city centre area, and relatively familiar with technology (usage of smartphone). And even though the frailty is not actively measured, they could be considered between 1 and 3 in the Fried Frailty Index. Participants are given a smartphone (models used in the study are Samsung Galaxy S4, S5, and S5 mini, and Samsung J5), a smart wristband (i.e., Fitbit Charge 2), and 2 Bluetooth Low Energy (BLE) beacons (i.e., Estimote). Testing started with 5 participants and incrementally increased its number until the total number of 20 elderly. Trials are performed as a continuous testing which started in February 2017 and will last until June 2018.
ACTIVAGE is a Large Scale Pilot Project, funded by the European Commission with the objective of building the first open IoT ecosystem for AHA. Solutions are being tested around 9 reference use cases: activities of daily living, integrated care, monitoring outdoor, emergency triggers, promoting exercise for fall prevention, preventing cognitive decline, preventing social isolation, offering safety and comfort, and support for transportation.
The different solutions will be implemented across 9 deployment sites distributed in Spain, France, Italy, Germany, Greece, Finland, and United Kingdom. Each site will carry out a subset of use cases, evaluating the actual value they provide to the market and end users.
Interoperability is a key aspect, not only for the systems, but for the ecosystem too, as it allows for easer deployment and operation of IoT-based AHA solutions. Thus one of the main outcomes will be a secure IoT interoperable layer (for integrating applications and platforms at different levels), as well as service layer (offering support for a marketplace and application support tools).
In this case, the deployment site in Madrid is the focus of this paper, which is used as case study for the second phase of the cocreation framework presented in the paper, having as output a Smart Cities and IoT solution for AHA. The solution is currently under implementation and will be tested with about 1000 participants, who are above 65 years old, with scale frailty between 1 and 6 (in the Fried Frailty Index), and with no cognitive problems and who can receive assistance from formal caregivers at home or at a day care centre. Participants will be given a smartphone (i.e., Samsung Galaxy S5) and some IoT devices depending on the concrete use case to test (devices may include smart wristband-FitBit, NFC tags, IoT lamp, eBeacons, and/or door sensor). Testing will be performed in incremental iterative phases. Each new phase will include new services and new IoT elements as well as more stakeholders who will be involved to the Madrid deployment site while it evolves, with the objective to achieve an AHA-IoT sustainable ecosystem.
The complete case study presented in this paper consists of the whole process followed through the cocreation framework proposed, divided into two phases:
(i) a technological solution for Smart Cities (in the context of the City4Age project-first case study), which is used as input for the second phase; (ii) a technological solution for Smart Cities and IoT (in the context of the ACTIVAGE project-second case study), which is the final outcome of the methodology proposed.
The Cocreation Framework.
A cocreation framework has been used to gather user requirements in collaboration with end users and stakeholders. The Logical Framework Approach [35] has been used as main reference. This method, widely used in cooperation and cocreation projects, gives considerable importance to the analysis and diagnosis of the community and their experience [36] . It has been used with the objectives of identifying the basic information required from users and stakeholders in order to gather their needs and preferences [37, 38] and address them when designing or implementing an intervention. In our work, the Logical Framework was adopted to extract information from a user perspective [20] and with the aim of determining the following elements (as depicted in Figure 1 ):
(i) User needs: related to a product or service and the fact that the product or service must be satisfied to get the right outcome for them and meet goals and aspirations of the user. (ii) Use cases: a set of possible sequences of interactions (scenarios) between systems and users in a particular environment and related to a particular goal. (iii) Solution: a combination of a service (provided by the demand side) with a technology (provided by the supplier side). (iv) Stakeholders: actors or group of actors that are providing a contribution to the solution in the related ecosystem.
The second building block of the methodology, used to further process the elements from a technological development perspective, consisted of three phases, analysis, adaptation, and assessment. During each phase, the elements of the cocreation framework were reviewed and redefined, and specific values were eventually extracted. This process is designed according to the experience that was gathered from previous initiatives and projects [39, 40] , then expanded with related literature, and finally consolidated through interviews and focus groups with end users and stakeholders. The three phases are based on a simplified waterfall model [41] , with some integrated feedback. Thus the execution is not a rigid lineal execution; in fact it allows at different points going back to previous steps (e.g., if, for some reasons, one step is executed before the planned one, a meeting with a stakeholder can take place before and after presenting the solution). This might be useful when the process detects potential problems before the overall solution is deployed.
During the analysis phase, we compare services and solutions available in the market with what is required to satisfy the users' actual needs. The objective is to produce a comprehensive plan of execution to deploy a new and/or improved solution.
During the adaptation phase, the required technologies and services as defined by the analysis phase are selected, reconfigured, and deployed. The objective is to develop an implementation that can be evaluated in the next phase and used as final choice for the first iteration.
During the assessment phase, the solution is inspected in order to see whether it fits the user needs. The evaluation is carried out along different axes such as technological, economic, human, social factors. The objective is to validate the solution and ensure it will satisfy the user needs in an efficient and economically viable way. In the first iteration, heuristic evaluations, usability tests, interviews, and focus groups are enough.
Each of the three phases is composed of different tasks and activities at the level of the element of the cocreation framework, as shown in Figure 2 .
Requirement extraction analyzes the requirements for the adapted solution, and the focus of these requirements derived mainly from the validation with users; interviews, focus groups, and questionnaires supported by demos or mock-ups of the end solution have been used to define and map user needs and expectations with values, attributes, and requirements. As regards the values, their function is to answer the question on how the final solution, and the paradigm it is based on, actually improves the lives of the end users. This task will produce a set of key concepts that will be then used as main dimensions and research questions to be used during the evaluation and validation activities.
Use case definition formalizes the conclusions of the analysis phase in a set of use cases (UCs) [42, 43] . There are different levels of formalization, and there can be some abstract and generic use cases, which rather describe the concrete solution and the benefits of using the paradigm, highlighting the added values. Specific UCs also need to be defined for the service definition and system development tasks. While defining the UCs, the process might require a revision of the requirements, as specification of UCs probably poses new questions that were not considered. Any new UC added to the final set will always trigger an analysis of existing resources, to scout for technologies and concepts which may help in the implementation or refinement of the said UCs. UCs might also be handled as part of available resources, and these can be reused directly or adapted to the requirements.
Analysis of available resources is a crucial task, as it will inevitably help reduce the costs of adapting and developing a solution. The objective is to research the market for all the resources needed for the solution, and these might include complete solutions, running services, existing use cases, business models, technologies (such as libraries, frameworks, and platforms), and even competitor solutions.
Negotiation is necessary to avoid problems. The cocreation framework requires stakeholders to participate in the process. This will on one hand improve the solution, as only certain stakeholders have the knowhow for specific UCs. On the other hand, it will help to avoid designing solutions relying on commitments that later may not be fulfilled (for example, a full solution could be designed assuming a particular service was going to be provided, but when contacting the stakeholder responsible for the said service, it is discovered that the service is unavailable or provided in a different manner as expected).
Service definition is required to derive from the UCs into the different aspects both the technology and the service provision which needs to be fulfilled. The main objective is to coordinate the integration between technologies and the service, as well as (re)defining the provided services. Some times during this process relevant requirements that are not defined are discovered; in this case it is advisable to review the requirements using the methodologies employed in the previous phase. System development encompasses all the technology development process. Any system development methodologies may be used, preferably those based on UCs and requirements as those have been defined in the previous phase. Special attention should be paid to the most critical aspects of the system: (i) Application, the software itself, and the logic of the technology system will implement the UCs. (ii) Data and data flows need to be defined and analysed.
Security and privacy must drive this subtask, ensuring that the users' rights are enforced, and one good example of legislation to take into account is the European General Data Protection Regulation [44]. (iii) Device level development may be considered separate to the other two subtasks of the system development, yet it needs to integrate with both the application and general data flows of the system.
Agreement from the different stakeholders has to be reached. The terms of the services provided, the needed adjustments, and economic aspects need to be ratified. In contrast with the negotiation task, where the role of each stakeholder is to help in the design of the solution, this task is meant to plan the structures and processes needed from the different stakeholders to enable the end solution to work seamlessly. Evaluation is required in order to verify that the solution is working as intended, solving the actual problems in an efficient and economically viable way. First the methodology is set, by defining an evaluation framework, then the task needs to run the evaluations in order to obtain the indicators. When designing and running evaluations, a small scale test must be included; we conduct ours in the Living Lab [40] , where we can run the technologies and services in a controlled manner, as well as being the perfect environment for inspecting the behaviour and the interaction of the users towards the solution. During evaluation, and if it is correctly synchronized in time with the other tasks, the probability of finding issues and bugs in the system, services, and integration between both is very high; thus this task must report to the other tasks in order to improve the solution.
Procurement is the process by which the stakeholders prepare their structures to provide the service. This may include the negotiations with suppliers for acquiring the different required materials and devices, as well as hiring staff, training, and setting up the legal processes (consent forms, service contracts, etc.).
Study Description.
The process was used first to define a solution in a Smart City context, within the City4Age project. We took existing commercially available solutions (i.e., smartphones, smart activity wristbands, and Bluetooth beacons) and services (i.e., Google and Google Maps API, Spanish National Weather Open Data, from AEMET, Madrid Transport Open Data and WiFi from Madrid public transport buses), together with the Smart Cities paradigm to create a solution addressing specific AHA related problems. This output was used as input in the framework of the ACTIVAGE Figure 3 : Simplified overview of the application of the methodology adopted and how it was applied for our study. As of the writing of this manuscript, the Smart Cities solution is in the assessment phase, where the Smart Cities and IoT solution is in adaptation phase.
project, where we took most of the solution and applied the process again using the IoT paradigm together with other technologies and services. An overview of this process can be seen in Figure 3 .
In the first iteration, user needs were extracted from analyzing documentation of the project developed by experts from the medical area (i.e., geriatricians and caregivers) within the project consortium. These documents provided Frailty and Mild Cognitive Impairments (MCI) risk models, based on validated instruments to assess frailty and/or MCI in older adults such as Fried Frailty Index [45] and the Lawton Instrumental Activities of Daily Living (IADL) Scale [46] and define a list of geriatric factors and subfactors to identify MCI/Frailty related behavioural models.
In addition, two informal interviews were carried out with two different types of stakeholders related to the Madrid municipality (see Table 1 and Table 2 (ii) A manager from a private elderly care service provider in relation to many day care centres in Madrid.
UCs were defined after negotiation with all involved stakeholders. They served to design the solution that was developed, by adapting existing solutions to the Smart Cities paradigm, as well as applying the lessons learned with the results of the analysis phase. Geriatric factors and subfactors identified in the analysis phase were matched against poten- buses company in Madrid (EMT) and a private service provider for elderly care was established.
To proceed with the assessment phase, an evaluation framework process was designed, consisting of a technical validation and a real life experiment with elderly participants. The validation of the solution is used to assess the technology, its acceptance by the users, and its validity from a geriatric point of view. Technology will be assessed through laboratory and real life pretests, user acceptance will be assessed through focus groups and questionnaires, and geriatric assessment will be conducted through interviews.
The solution was technically tested in the Smart House Living Lab [47, 48] , together with the Campus of International Excellence of Moncloa [48, 49] , as a Smart City Living Lab, before taking the solution to real life environments in the Madrid test bed, within the City4Age project. This real life testing is currently being carried out. After an explanation about the project and the corresponding signature of the informed consent, participants of the trials are given the necessary equipment (i.e., one smartphone, one smart wristband, and two Bluetooth beacons) and are asked to carry out the mobile and wristband devices with them, while beacons are placed at the entrance of their house as well as in their mail box to detect whether the user is at home. They should keep the solution for at least 6 months.
For the second iteration, a series of focus groups, with end users, and associations of end users, as well as with stakeholders, were organized, in order to cover as many actors as possible. Focus groups were organized as follows (for demographics please refer to Table 2 ):
(i) 1 focus group with end users who are clearly involved in Active and Healthy Ageing activities, such as getting involved in their community activities, keeping a healthy diet, and doing regular exercise.
(ii) 1 focus group with formal caregivers, working in a service provider private company, all of them with more than 10 years of experience and all of them having worked both in homecare providing and in day care centres. (iii) 1 focus group with a multidisciplinary technical team with several years of experience in the development of applications for health, AHA, and social wellness, who are currently active participants in European projects in the areas of ICT for health of people with chronic diseases and older adults.
In addition, two structured individual interviews were carried out with two different stakeholders (see summary of stakeholders in Table 1 The results of all these actions were used to redefine the specific use cases and thus design the technological solutions in the most appropriate way. There were generic use cases defined at ACTIVAGE project level, which were useful to classify the different elements of the solution. Technologies were analyzed, especially those which fitted the IoT paradigm as defined in the ACTIVAGE project.
In the adaptation phase, the services were defined with stakeholders, and agreement to the commitments each would acquire was reached, stakeholders (like the municipality of Madrid, as well as senior care private partner). Definition of the software services was done in an iterative way, by using ACTIVAGE use cases as initial classification, later reefing this classification into solutions which encompassed the different applications. Some applications were horizontal to all UCs. Most of the new required services were easily implementable as a set of rules using a production rule system, reusing the data from existing applications. The rest of the system development mainly consisted of adding an interoperability layer to many components and adding minimal number of original components to make the interaction easier for the user.
At the time of the writing of this paper, the projects have not yet entered in the assessment phase; thus no results of this phase are reported. The plans for this phase include Living Lab testing with the whole system (using the same infrastructure as the first iteration), as well as replicating the solution, or parts of it, to be implemented and reused in other deployment sites within the ACTIVAGE project. The system will gather many parameters from the users; we will use these to evaluate the improvement on their quality of life, together with other direct measurements such as questionnaires. A study has been designed to ensure the data collected and the conclusions derived from such data are both statistically significant and scientifically valid. The evaluation framework included many axes of interest, such as economic, technical, and social factors; the focus of the ACTIVAGE project is to measure the improvement of the quality of life of individuals through IoT technology. 
Results
Smart Cities Solution for AHA.
The main conclusion from the analysis of user needs is that cities can play a key role to improve early detection of risks related to cognitive impairments (MCI) and frailty, because important efforts are currently being done by municipalities to engage citizens through collaborative activities in different environments, such as platforms for participative funding to carry out projects in the municipality [49, 56] or neighbourhoods associations for cultural activities [50, 56] , and cities offer infrastructures and services with a high potential to support Active and Healthy Ageing of their citizens, such as smart services in public transportation, like guiding and support for people with disabilities, and older adults.
Regarding available resources, in terms of technologies and tools, taking as basis the analysis of the six test beds of the City4Age project, we have found that available solutions in Smart Cities can be reused to be implemented in use cases of different nature within a city, in both indoor and outdoor scenarios, covering different aspects of daily activities, such as mobility; independent living; regular performance of routine activities (shopping, bank, pharmacy, etc.); safety; socialization (and prevention of isolation).
Solutions to be adapted and developed in the context of a Smart City, outcome of the adaptation phase, are meant to cover the identified user needs related to the abovementioned aspects of daily life activities, which facilitate data analysis for a better personalization and adaptation of the services offered, in particular for the detection and analysis of behaviours, and for the delivery of interventions which are dependent of these behaviours. More in detail, the following use cases were defined:
(1) Motility (e.g., geriatric factor defined as physical mobility of the user such as walking, climbing stairs, and still/moving).
(2) Basic Activities Of Daily Living (e.g., dressing, selffeeding, personal hygiene, and going out).
(3) Instrumental Activities of Daily Living (e.g., ability to cook food, housekeeping, phone usage, shopping, and transportation usage).
(4) Socialization (e.g., visits to family members, attending senior centres, or other points of interest (POIs)).
As regards the solution, it is composed of two main elements: the first is a detection application, a mobile application that uses the different sensors of the smartphone and connects with the sensors and open data services available in the environment. This application tracks the mobility of the users within the city, including visited POIs and some of the activities performed, such as visit a familiar, and also their usage of public transportation (i.e., buses). The second element is a Dashboard, a web application that shows behavioural information of elderly users in a visual way. It is meant to be used by geriatricians and/or caregivers and it provides the information related to the behaviour of each user with a level of granularity that allows seeing the different measures associated with each activity identified (e.g., walking and speed, distance, and number of steps). It allows them to create interventions to be delivered through This solution is currently being tested with 20 elderly participants (under the conditions mentioned in Section 2). Trials started in February 2017 by collecting data from participants using the detection application. Evaluation will be performed in 2018 by measuring and analyzing the following variables and using the materials mentioned in Table 3 .
Within the evaluation process of the City4Age, we measure the engagement of the users with the different services through the collected data in terms of measures and actions gathered by the different devices. As we are collecting user data, we can analyze how the users interact with the application through the metrics gathered about the usage of the devices. This also gives us information on the behaviour of the user and how the user follows the suggestions provided (i.e., interventions) through the system.
In addition, in order to evaluate whether the services deployed in the Madrid pilot are useful and fulfil the needs of elderly people and assess its acceptance, the different questionnaires about usability, usefulness, and ease of use mentioned in Table 3 will be tested with participants bimonthly from January 2018.
The detection application, the Dashboard as well as insights coming from the evaluation of the system in this first phase, will be used as input to the second phase within the context of the ACTIVAGE project. 
Smart Cities and IoT Solution for AHA.
After the first iteration for the solution application in Smart Cities, analysis of user needs with regard to IoT, as resulting from the focus groups, showed that users prefer services for AHA to be provided in those places in which they move habitually, like the library or the gym, instead of traditional day care centres. In order to cover a wide range of places, using IoT, where users perform their daily life activities, unobtrusiveness and transparency are key features to offer these services throughout a city, and they should only be activated when they are really necessary. Activity recommendations should be personalized to each user to assure best engagement. In addition, technological solutions must be reliable since a single failure could cause them to distrust and abandon the usage of the solution.
These results helped to redefine use cases for the pilot site in Madrid and identify key elements of the IoT stack to address consumer needs, through the addition of confident, transparent, and effortless components, while preserving, if not increasing, their value for privacy and security and trust. Another important element to be included is associated with reusability of technology and services across use cases. It is especially important to highlight that all elements of the cocreation framework are disengaged among them, which enables a high flexibility and adaptability of the system.
For the adaptation phase, the key activity was to define a series of services, according to the identified user needs, which extend the use cases developed during the iteration for Smart Cities adaptation:
Social Tracking. It analyzes the social interactions and activities performed by the user. This information is used for other services like evaluating isolation factors or behavioural analysis. The service promotes social activities by detecting those with higher engagement by the user. This service extends the scope of the Socialization UC.
Physical Activity Tracking. It analyzes the level of physical activity for each user, also compounding with its evolution over time and context. The service will promote users to engage in their preferred activities, in accordance with the user's level. This service extends the scope of services for motility UC.
Behavioural Analysis. It analyzes behavioural patterns in order to later be able to detect changes in these patterns which might indicate some cognitive degradation is taking place. Behavioural patterns are also used to determine the best way and time to perform interventions. This service mainly combines services to cover Basic Activities of Daily Living and Instrumental Activities of Daily Living.
Fall Risk Assessment. It analyzes the data from different sources, including the balance factors and level of physical activity as well as other factors which may influence the probability of falling like depression. Bearing in mind that during the first iteration analysis of motility has been identified as an important geriatric factor to detect early signs of frailty or MCI, this UC has been extended with the aim of preventing falls in outdoor environments.
Isolation Risk Assessment. It analyzes the engagement of the user with their close social environment as well as their ability to increase their circle. Early detection of isolation risks will avoid certain problems. Specific actions performed by the service, other than promoting social events, are scheduling interviews with social workers or persuade the family to drop a visit. This service extends the scope of the Socialization UC.
Outdoor Tracker. It analyzes the behaviour of the user when outdoors, looking into walking patterns to detect erratic navigation which might indicate the user is lost. Missed stops and other sources of information might be useful to profile the user's abilities outdoors and activate procedures for swifter response, as assistance will be provided, when solicited, by sending a social worker or an informal carer to look for the user in distress. This service combines and extends the UCs previously defined about Motility and Basic and Instrumental Activities of Daily Living.
Intervention. Interaction with the user must be unified under one service, as this will help the user establish familiarity and trust in the system. There are many intervention channels (such as telephone calls, SMS, and LED light notification) and strategies. This service aims to extend the intervention solution (i.e., Dashboard), developed as outcome of the previous iteration, with new channels and interaction modalities. For all these services to be provided and taking into account UCs, the system is being designed accordingly, as shown in Figure 5 .
Managed data can be categorized into 3 classes. Health data comprises the information about heart rate, blood pressure, and balance factor. Activity data is composed of usage information, sleep cycles, and number of steps. The last class of data managed is location data, which is gathered through the smartphone's integrated GPS, proximity to BLE beacons, or connectivity to a set of Wi-Fi signals; location data does not need to be very granular, or precise, as on one hand it helps maintain users' privacy, and on the other hand it is enough to know the point of interest the user has visited to offer the different services.
The key feature of the designed architecture is the distribution, partly because of the need to deal with the mobility of the user, as users can typically be on their home, moving throughout the city, or at specific places, also known as points of interest, like gymnasiums, libraries, and day care centres. Thus the system is designed to handle these three scenarios: there will be a set top box at the home of the user. The user will be carrying a smartphone, and there will be a set of information kiosks (which we call ACTIVAGE Centres) where users can perform different activities. These scenarios will be supported by a cloud node, to which all other nodes will connect, sending the data for further analysis. All nodes run the universAAL IoT platform, allowing interoperability of the applications, as well as dealing with the distribution of the system. Devices are connected to gateways which in turn connect to cloud services. In our case we have three types of gateways, one per scenario; nevertheless one of the gateways is mobile and can come in the range of the other two. When this happens, the gateways will combine creating a single edge computing network, where special interactions can take place without the need of connecting to the cloud. This concept is called uSpace in universAAL [57] . For example, when the user is carrying his/her smartphone near an ACTIVAGE Centre, the ACTIVAGE Centre can use the uSpace and the user's smartphone as a hassle-free authentication mechanism, without the need of providing further credentials like user password, which elderly users may have trouble managing.
The distribution may also provide an extra feature; in this case the interspace communication (home-cloud, mobilecloud, and AC-cloud) can be configured to filter information. This filter is semantic; thus it is easy to create an understandable configuration tool for the user to create rules of data sharing and easily implementing data privacy [57] .
As a result of the first iteration, in the assessment phase we have defined the evaluation framework and procedures. In particular, a set of Key Performance Indicators include quality of life, economic acceptability, and usability indicators in order to provide policy makers and other stakeholders with tools for the decision-making process. Assessment of user experience and benefit will take place during the testing, deployment, and operation and termination phase focusing on the following: (iv) Improving efficiency and quality of social services.
(v) Reducing costs of providing social care services.
(vi) Postponing or preventing institutionalization.
(vii) Reducing opportunity costs (when, e.g., a caregiver can work instead of caring for a relative).
(viii) Increasing the number of IoT services.
Within the evaluation process of the ACTIVAGE deployment site of Madrid, we will measure the engagement of the users with the different services through the IoT collected data.
We envision an analysis to study how the users interact with the applications, as there will be application usage metrics collection included in the IoT data collection system. Such analysis will also correlate this usage with the actual behaviour of the user, since we also will be able to access the activity data of the users (i.e., has the user gone on a walk when the system recommends it?). Similarly to the Smart Cities solution for AHA usability, usefulness and ease of use will be assessed with a selection of users completing specific questionnaires.
Discussion
Smart Cities allow gathering big amounts of data from the environment (their application and services). In order to properly define and implement services for behavioural detection and intervention for empowering Active and Healthy Ageing, it has been needed to map the data that we can gather from the different sources available in a Smart City, with the relevant geriatric factors that allow us to identify behaviours related to MCI and frailty.
Smart living environments built using IoT devices allow retrieving a wide range of information coming from very different sources. Including contextual information always adds value to detected behaviours; however it is really needed when dealing with some concrete data, such as transportation and walking information, because there are some other factors, such as weather, that have an important influence in users behaviours (e.g., weather is an important factor when deciding to go for a walk). For this reason, examining all available open data services is very useful to gather contextual information.
In this context, it is important to highlight that ethical and privacy regulations need to be strengthened in order to ensure privacy and security of users' data [44] .
Interview with users are an essential part of the design process. Even though some statements might look initially trivial, they at the very minimum confirm that the general idea has some value and, even for the most trivial statements, mark important requirements to the final system.
Most of the time, users will state impossible requirements with the current technology, but this marks the need for stretching the technology in that direction.
Another important aspect, with regard to user interviews and focus groups, is that they may be biased. The people that we interviewed are very active people and do a moderate use of the technology in their daily lives. Another biasing factor is that the people we eventually interviewed are representatives of the elderly users; in most cases this means that their recommendations are funded and based on actual knowledge of the users' problems. Both factors might contribute to these activities throwing an optimistic view, and sometimes faith, on what the technology can do for the users.
The use of the methodology of use cases as driver for the whole process is still valid. Even being an old tool, and sometimes even feeling constraining on what one can define the technology to do, it is still valuable process guidance. To the point that its use can find value on the system, it finds missing information, context, technology, and services, as well as being useful in other contexts such as nontechnological service definitions.
Failing to correctly define stakeholders' commitments or discovering that stakeholders cannot meet their commitment is a critical failure in the development process. In some methodologies this would be classified as a design problem; in our opinion, this type of failure has deeper negative impact on the delivery of the solution, not only in terms of delays and wasted resources, but also as these commitments are integral to offer the solution. Without them, mayor revision to many aspects of the solution needs to be refunded. This risk is the main reason we introduce the negotiation and agreement tasks in our methodology.
Our method has been useful for us to define the services that we need. If we apply more iterations we will still define even more services to implement. Yet the keystone to all services is interoperability; for the services that we propose in our results it is essential to share information, not only sources but the services themselves being a processing node of information which is then fed as input for other services. Interoperability of services is also a solution for unmet stakeholder commitment, as in these cases the service may be replaced by other providers as needed. The same concept is applicable at software and hardware levels; this is why we recommend pushing towards interoperability on all levels, as this offers more flexibility in the end solution.
Interoperability also allows enhancing the solution by adding services, applications, or devices on a later stage. Also interoperability works towards the reusability and internationalization of the solution, by enabling the provision of local services to be handled by other stakeholders.
As the system grows in number of services, the complexity of the interoperability problem will exponentially rise; thus a solution to manage such complexity is needed. We believe one such solution is semantical interoperability, which addresses the root problems of syntactical interoperability and enables the freedom of integrating in many different ways.
We recommend designing the evaluation framework to take into account not just technological aspects but every other aspect that has been defined in the requirement extraction. This way, the efficiency of the solution and the market feasibility can be contextualized and the chances for success are improved. It is also important to recycle evaluation tools and processes, adjusting them to the particular case, to reduce the burden of designing new methodologies. This would also mean that results could be scientifically valuable. We recommend the evaluation task to be a continuous task throughout the whole process, intervening to detect potential problems as soon as possible.
Prior to real life deployment, Living Lab testing is a very useful tool to evaluate the solution in close to real life conditions. In the case described in this manuscript, this Living Lab environment has been set up in the Smart House Living Lab of ETSIT UPM together with the Campus of International Excellence of Moncloa as Smart City Living Lab. Within this controlled environment, we could evaluate the solutions for indoor and outdoor detection, as well as interaction with public transportation buses present in the campus. During the first iteration for implementation of the solution based on the Smart Cities paradigm, evaluation at technical level (technical assessment) of services provided on mobility within Madrid was tested. These services include detection of different behaviours related to Basic and Instrumental Activities of Daily Living, such as going outside/inside home, usage of public transportation (buses), usage of transportation (other different than bus, e.g., car, bicycle), visiting friends, going to senior centres, going shopping, and visiting cultural points of interest. During the second iteration, which aims to evaluate the IoT paradigm on AHA solutions on Smart Cities, Living Lab testing allows validating the IoT architecture in terms of interoperability, integration, and interconnection of gateways and devices of different nature. Once assessed in the Living Lab context, the solution is ready to be scaled up and replicated in different scenarios.
In general, technologies for AHA have been more focused on providing support at home of the elderly. However, our results from the focus groups carried out so far show that services and applications deployed in Smart Cities enable Active and Healthy Ageing services in many more spaces, including the following: (i) Outdoor spaces, such as parks, streets, or generally anywhere within the city.
(ii) Other indoor location different than homes, such as offices, places of worship, and shops.
(iii) Other living spaces like public services and infrastructures, such as transportation (i.e., stops, buses, underground, etc.).
IoT has demonstrated to add value to extend the accuracy of behavioural detection and increase number of services to be provided within a Smart City. IoT paradigm allows offering AHA services in an unobtrusive and transparent manner for the user, enhancing also their degree of adaptability and personalization. Focus on citizens' engagement places them at the centre of the design and decisions taken within the city. Usually, Smart Cities have built their services mainly considering the point of view of transportation, energy efficiency, built environments, and so on, but not the care of their citizens, such as Active and Healthy Ageing. In this sense, the approach described in this paper includes the support to the well-being of elderly citizens as part of a Smart City strategical agenda.
We expect the evaluation of the end solution for Smart Cities and IoT to be a key entrance point and foster private and public investment, in order to start massive adoption of IoT solutions for AHA in Smart Cities, as well as to develop new business models and create new jobs.
Conclusions
We developed a methodology for implementing the cocreation framework on large scale projects. With this methodology, we were able to adapt solutions to fit particular paradigms, even combining paradigms, finding value for the different actors along the way. This value identification serves the purpose of optimizing the solution implementation.
Dividing the process into 3 phases helped pipeline the process, and we were able to run various projects in parallel without interfering with each other, even when we involved a subset of stakeholders in both and even when technologies used were similar. Phasing also allowed us to incorporate the outcomes of Smart Cities for AHA into the next iteration incorporating IoT components. The analysis phase has its importance by laying out the ground work for the rest of the development of the solution, especially assessing the viability. Requirement extraction from the users not only ensures that the usability and acceptability of the final system are optimal but also contributes as a preevaluation of the effectiveness of the use cases. Equally, UC definition must take into account the reusability of the use cases and many components of the system.
The adaptation phase has to be carefully balanced, and the solution is as much about the services as it is about the technology. The services are more difficult to be adapted, especially when these services include human resources, but when the change is supported with the technological component there is less resistance. As for the system development, the use cases together with service definition let us very easily identify the needed data. Once the data is identified, definition of exchange formats and information sources is easier. Driving the system design from the data perspective eases the proper management of security and privacy, as well as other data flows which in turn define the application flow. Data definitions will not only affect the application development, it is essential to analyze the required devices.
The analysis phase is critical to ensure the system is working properly before taking it into production. Evaluation of the system in different axis is very important; the results of this analysis will determine if the solution has actual value or not, and exactly how much value it is contributing to the stakeholders and users.
Results after the first iterative phase present a solution for AHA implemented in Smart Cities based on a series of use cases related to activities of daily living that allow identifying relevant geriatric factors which may be good indicators of frailty and/or cognitive decline. During the second iteration phase, IoT paradigm has been analysed and included as part of the solution. It has been demonstrated that IoT can add value to the solutions defined for Smart Cities in the AHA domain, and extend use cases with more data sources that also enable more functionalities.
This work must continue, as there is room for improving the methodology for the cocreation framework; for example, it can be adapted to other domains, so that it may be used for future projects. Thus it will be extremely interesting to research how to generalize the methodology to be domain and technology independent. This research will be an iterative process in itself. By taking not only the methodology but also the services, and adapting them to research projects in different domains, with different base technological paradigms, and different target populations, we hope to slowly but surely mature the methodology.
With regard to the solutions reviewed in this paper, we will continue improving each of them, through successive iterations of the explained methodology. This will become even more apparent as the evaluations continue producing results.
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